Abstract. Respectively using glucose, sucrose and soluble starch as depositing agents, three series of deposited activated carbon samples were prepared by liquid-phase carbon deposition and were characterized by N 2 adsorption-desorption measurements for studying the adsorption behavior of them in the pores of activated carbon. Results show that the depositing of glucose and sucrose can cause the decrease of micropore area, micropore volume, mesopore area and mesopore volume, but the depositing of soluble starch can not. It is concluded that glucose and sucrose could be deposited into various-sized pores of activated carbon, and soluble starch could not.
Introduction
Activated carbon (AC) has a highly porous structure with a large internal surface area and good adsorption capacities towards various substances. It has found applications in removing a wide variety of pollutants including both organic and inorganic substances from the liquid or gaseous phases [1, 2] . The demand of AC grows fast for environmental applications, especially for wastewater treatment [3] [4] [5] and waste gas treatment [6] [7] [8] . And recently AC microspheres have drawn much attention because of their therapeutic effects especially on drug overdose and diabetic nephropathy [9, 10] . It was suggested that AC spherical particles could treat diseases because of the accumulation of toxic metabolite in the intestine, intestinal absorption of glucose reduced blood glucose level in diabetic patients [11, 12] . Obviously, it is important to study the adsorption behavior of the related molecules in AC.
In this paper, glucose, sucrose and soluble starch were respectively used as depositing agents to deposit into AC and the adsorption behavior of them in the pores was studied by N 2 adsorption-desorption.
Experimentals and Methods

Materials
Commercial coconut-based activated carbon (average particle size: 20-40 mesh, specific surface area: about 900 m 2 /g, density: 0.4258 g/cm 3 ) was obtained from Shanghai Xinhuoli Activated Carbon Co., Ltd, China. Glucose, sucrose and soluble starch were analytical grade reagents and used as received.
Deposition of Glucose, Sucrose and Starch into AC
A known amount of depositing agents, 10.00 g of AC and 40 ml of distilled water were respectively added in a flask and stirred at 120 rpm at 30 °C for 24 h and then at 60 °C for 24 h in a Yiheng THZ-98C constant-temperature shaker. Then the samples were dried in vacuum at 120 °C for 24 h. With different amount of depositing agents, three series of deposited samples, named as GAC, ZAC and SAC, were prepared respectively with glucose, sucrose and soluble starch as depositing agents, as shown in Table 1 . Characterization N 2 adsorption-desorption isotherms of the received and modified AC samples were measured at −196 °C using a JW-BK132F gas adsorption-desorption instrument (JWGB, China). Prior to the measurements, the samples were degassed in vacuum at 150 °C for 30 min. Specific surface area (S BET ) was calculated using the BET equation; micropore volume (V mic ) and micropore area (S mic ) were calculated using the t-plot method; the mesopore volume (V meso ) and mesopore area (S meso ) were calculated using BJH method; the total pore volume (V t ) was obtained from the last point of the isotherm at a relative pressure of 0.99; and micropore and mesopore size distributions were determined using HK method and BJH method from desorption branch, respectively.
Results and Discussion
The N 2 adsorption-desorption isotherms (Figure 1 ) of all the deposited AC samples, prepared respectively with glucose, sucrose and soluble starch as depositing agents, can be classified as Type I isotherm which indicates that the adsorbent has a very complex micropore structure and is a widely-used AC prepared from coconut shell with steam activation [13] . However, the adsorption capacity of the samples falls obviously with the increasing of the amount of depositing agents, especially with glucose and sucrose as depositing agents, which can be ascribed to the reduction of pores or the addition of less porous materials. 
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Based on the isotherms, the values of specific surface area and pore volume of the deposited AC samples with different amount of depositing agents are presented in Table 2 . Besides, as the specific surface area of the depositing agents mentioned is very small and almost should not give contribution to that of the deposited AC samples, the values of surface area and pore volume on the basis of mass deducting the mass of the depositing agents are also calculated and marked with an asterisk *, as shown in Table 2 . For GAC and ZAC, S BET , S BET *, S mic , S mic *, V mic , V mic *, V t and V t * decrease sharply, and S meso * and V meso * decrease gradually with the increasing of the amount of depositing agents, illustrating that glucose and sucrose have been deposited mainly in the micropore and minorly in the mesopore of AC. For SAC, though S BET , S mic , V mic , V t S meso and V meso show a downward trend, S BET *, S mic *, V mic *, V t *, S meso * and V meso * almost stay constant or show a slightly increase with the increasing of the amount of depositing agents, indicating that soluble starch can not be deposited either in the micropore or in the mesopore of AC. These results agree with the isotherms. Figure 2 shows the micropore and mesopore size distributions of the deposited AC samples, which is also on the basis of mass deducting the mass of the depositing agents. As can be seen from Figure  2a , 2d and 2g, the pores of all the prepared AC samples distribute mainly in the range of 0.5-0.7 nm. For GAC and ZAC, the micropore volume (Figure 2b and 2e) decreases obviously with the increasing of the amount of depositing agents, and the mesopore volume (Figure 2c and 2f ) decreases especially at the higher amount of depositing agents. For SAC, the micropore distribution peaks of all the deposited samples (Figure 2h ) are similar in size and become broader and lower than that of the undeposited one (AC0), and the mesopore distribution (Figure 2i ) does not changes after the deposition. In addition, V mic * and V meso * almost stay constant or show a slightly increase with the increasing of the amount of depositing agents, as shown in Table 2 . Combining the analysis of the conclusions reached above, it is concluded that glucose and sucrose could be deposited into the pores in various sizes, and soluble starch have no effect on the micropore and mesopore.
Figure2. Micropore and mesopore size distributions of the deposited AC samples.
The results obtained above are considered to be connected with the molecular size of the depositing agents. Glucose and sucrose are small enough to get into the micropore and mesopore. Though the hydrodynamic radius of soluble starch is 7-22 nm [14] and the corresponding hydrodynamic diameter is in the range of mesopore width, the strong association action can bring soluble starch molecular to aggregate and form a large three-dimensional network, which leads a rapid rise of the hydrodynamic size and causes the incapability of soluble starch to get into the micropore and mesopore.
Summary
By studying the textural characteristics of the deposited AC samples, respectively with glucose, sucrose and soluble starch as depositing agents, it is concluded that glucose and sucrose could be deposited into the pores in various sizes, and soluble starch have no effect on the micropore and mesopore. It indicates that the AC sample has good adsorption selectivity for small molecule and large molecular weight compounds. Thus it can be deduced that the existence of large molecule should have virtually no effects on the adsorption of small molecule, which should be significant for the application of AC samples in wastewater treatment.
